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[57] ABSTRACT 
A sense ampli?er circuit characterized by comprising 
differential amplifying means for amplifying and out 
putting supplied differential input signals, and bias cur 
rent control means, connected between the differential 
amplifying means and a ground voltage, for controlling 
an amount of bias current in response to the output of 
the differential amplifying means. 

19 Claims, 9 Drawing Sheets 
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SENSE AMPLIFIER CIRCUIT HAVING A BIAS 
CURRENT CONTROL MEANS 

This application is a continuation of application Ser. 
No. 07/553,587, ?led Jun. 18, 1990 now abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to a sense circuit especially 

used as a sense ampli?er for amplifying a very small 
voltage difference read out of a memory cell in a semi 
conductor memory device. 

2. Description of the Related Art 
A prior art sense ampli?er circuit is shown in FIG. 8. 

This sense circuit is well known as CMOS current mir 
ror type sense ampli?er. It comprises P-channel type 
MOS FETs Q1 and Q2 constituting a current mirror 
circuit, N-channel type differential input MOS FETs 
Q3 and Q4, and an N-channel type MOS FET Q5 func 
tioning as a current source. The MOS FET Q1 has a 
source, which is connected to a power source terminal 
11 which is applied with a power source voltage Vcc. 
The gate and drain of MOSFET Q1 are commonly 
connected with a drain of the MOS FET Q3. The MOS 
FET Q2 has a source which is connected with the 
power source terminal 11. The gate of MOSFET Q2 is 
connected with the gate of the MOS FET Q1, and its 
drain is connected with a drain of the MOS FET Q4 
and an output terminal 12. The MOS FET Q3 has a gate 
which is connected with an input terminal 13-1, and its 
source is connected with a source of the MOS FET Q4. 
A gate of the MOS FET Q4 is connected with an input 
terminal 13-2. The input terminals 13-1 and 13-2 are 
supplied with differential input signals. The source of 
MOS FET Q3 is coupled to the source of MOS FET 
Q4. A MOS FET Q5 is coupled between the sources of 
MOS FETs Q3 and Q4 and ground. The conductance 
of MOS FET Q5 is controlled by a sense circuit activa 
tion signal SA. Note that the conductance ratio between 
the MOS FETs Q1 and O3 is set to be equal to that 
between the MOS FETs Q2 and Q4. 
Now, the operation of the above structured sense 

ampli?er will be explained below. When the sense cir 
cuit activation signal SA is in a high level (a higher 
voltage than a threshold voltage of the MOS FET Q5), 
the MOS FET Q5 is rendered conductive and the sense 
circuit is set in an activated state. When the sense circuit 
activation signal SA is in a low level (a lower voltage 
than the threshold voltage of the MOS FET Q5), the 
sense circuit is set in a non-activated state. Therefore, 
when the voltage of the input terminals 13-1 and 13-2 is 
set higher than the threshold voltage of the MOS FETs 
Q3 through Q5 while the signal SA is in a high level, the 
MOS FETs Q1, Q3 and Q5 are rendered conductive. 
Thus, a bias current flows between the source and drain 
of the MOS FET Q1 and the drain of the MOS FET Q1 
or the gate of the MOS FET Q2 is biased to an interme 
diate voltage. The voltage of the output terminal 12 will 
be equal to the gate bias voltage of the MOS FET Q2 
when the voltage of the input terminal 13-2 is equal to 
that of the input terminal 13-1, because the conductance 
ratio between the MOS FETs Q2 and Q4 is set to be 
equal to that between the MOS FETs Q1 and Q3. The 
voltage of the output terminal 12 will be lower than the 
gate bias voltage of the MOS F ET Q2 when the voltage 
of the input terminal 13-2 is higher than that of the input 
terminal 13-1, whereas the voltage of the output termi 
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2 
nal 12 will be higher than the gate bias voltage of the 
MOS FET Q2 when the voltage of the input terminal 
13-2 is lower than that of the input terminal 13-1. 
FIG. 9 shows another embodiment of a conventional 

sense circuit. This circuit has the same circuit structure 
as that shown in FIG. 8 with an additional N-channel 
type MOS FET Q6, whose drain and source are con 
nected between the source common connection point of 
the MOS FETs Q3 and Q4 and the drain of the MOS 
FET Q5. The gate of the MOS FET Q6 is connected 
with the gate common connection point of the MOS 
FETs Q1 and Q2 
Due to the above structure, the gate of the MOS FET 

Q2 is biased to an intermediate voltage as stated above, 
and the gate of the MOS FET Q6 is applied with the 
intermediate voltage. Therefore, the MOS FET Q6 
functions as a pentode, so that the same current charac 
teristics can be obtained irrespective of the ?uctuation 
of the differential input signals supplied to the input 
terminals 13-1 and 13-2. Therefore, the current supply 
capacity can be made constant, and thus provides im 
proved operational stability as compared with the cir 
cuit shown in FIG. 8. 
However, the circuits shown in FIG. 8 and FIG. 9 

consume power very much since a substantially con 
stant bias current always ?ows in the activated state. To 
reduce the power consumption, the capacity to drive 
the load connected with the output terminal 12 will be 
lowered, which is a drawback. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
sense ampli?er which can reduce its power consump 
tion without lowering its driving capacity. 
The sense ampli?er of this invention is characterized 

by comprising: a differential amplifying means (Q7, Q8, 
Q9, Q10) for amplifying and outputting a voltage differ 
ence between supplied differential input signals (13-1, 
13-2); and a bias current controlling means (Q26, Q28) 
connected between the differential amplifying means 
(Q7, Q8, Q9, Q10) and a ground voltage (V $5) for con 
trolling amount of bias current in accordance with the 
output of the differential amplifying means. 
The sense ampli?er circuit in this invention aims at 

reducing the amount of current consumption when the 
differential amplifying means (Q7, Q8, Q9, Q10) oper 
ates in a normal state. The differential amplifying means 
(Q7, Q8, Q9, Q10) consumes a certain amount of current 
in its normal operation state. However, the current need 
not be always ?own through the differential amplifying 
means (Q7, Q8, Q9, Q10), but the restriction of the 
current flow has no influence upon the operation of the 
amplifying means. Therefore, the power consumption 
of the differential amplifying means (14, 15) can be 
reduced by controlling the amount of the bias current in 
accordance with the output of the differential amplify 
ing means (14, 15) with the use of the bias current con 
trol means (Q26, Q28) connected between the differen 
tial amplifying means (14, 15) and the ground voltage 
(Vss). 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and in 
part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and ob 
tained by means of the instrumentalities and combina 
tions particularly pointed out in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo 
rated in and constitute a part of the speci?cation, illus 
trate presently preferred embodiments of the invention, 
and together with the general description given above 
and the detailed description of the preferred embodi 
ments given below, serve to explain the principles of the 
invention. 
FIG. 1 is a circuit diagram showing one embodiment 

of the sense amplifying circuit in this invention; 
FIG. 2 through FIG. 7 are circuit diagrams showing 

another embodiments of the sense amplifying circuit in 
this invention; 
FIG. 8 and FIG. 9, and FIG. 10 are circuit diagrams 

showing prior art sense amplifying circuits; and 
FIG. 11 and FIG. 12 are circuit diagrams showing 

still other embodiments of the sense amplifying circuit 
of this invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Now, one embodiment of this invention will be ex 
plained below with reference to the drawings. FIG. 1 is 
a circuit diagram showing a sense circuit in accordance 
with one embodiment of this invention. This sense cir 
cuit comprises first and second CMOS current mirror 
type sense ampli?ers l4 and 15 which are supplied with 
differential input signals, a bias current controlling cir 
cuit 16 which is supplied with differential output signals 
of the sense ampli?ers 14 and 15 for controlling bias 
currents of the sense ampli?ers 14 and 15, and an initial 
izing circuit 17 which initializes the sense ampli?ers 14 
and 15 and the bias current controlling circuit 16. 
The ?rst CMOS current mirror type sense ampli?er 

14 comprises P-channel type MOS FETs Q7 and Q8 
constituting a current mirror circuit, N-channel type 
differential input MOS FETs Q9 and Q10, and an N 
channel type MOS FET Q11 functioning as a power 
source. The second CMOS current mirror type sense 
ampli?er 15 comprises P-channel type MOS FETs Q12 
and Q13 constituting a current mirror circuit, N-chan 
nel type differential input MOS FETs Q14 and Q15, and 
an N-channel type MOS FET Q16 functioning as a 
power source. The bias current controlling circuit 16 
comprises N-channel type MOS FETs Q20 through 
Q23. The initializing circuit 17 comprises P-channel 
type MOS FETs Q17 through Q19. 
The MOS FET Q7 is connected at its source with the 

power source terminal 11, and at its drain and gate with 
the drain of the MOS FET Q9. The MOS FET Q8 is 
connected at its source with the power source terminal 
11, at its drain with both the drain of the MOS FET Q10 
and the ?rst output terminal 12-1, and at its gate with 
the gate of the MOS FET Q7. The MOS FET Q9 is 
connected at its gate with the ?rst input terminal 13-1, 
and at its source with the source of the MOS FET Q10. 
The gate of the MOS FET Q10 is connected with the 
second input terminal 13-2. The MOS FETs Q20, Q21, 
and Q11 are connected in series between the common 
source connection point of the MOS FETs Q9 and Q10 
and the ground voltage Vss. In the same way, the MOS 
FET Q12 is connected at its source with the power 
source terminal 11, and at its drain and gate with the 
drain of the MOS FET Q14. The MOS FET Q13 is 
connected at its source with the power source terminal 
11, at its drain with both the drain of the MOS FET Q15 
and the second output terminal 12-2, and at its gate with 
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4 
the gate of the MOS FET Q12. The MOS FET Q14 is 
connected at its gate with the input terminal 13-2 and at 
its source with the source of the MOS FET Q15. The 
MOS FET Q15 is connected at its gate with the input 
terminal 13-1. The MOS FETs Q22, Q23, and Q16 are 
connected in series between the common source con 
nection point of the MOS FET Q14 and Q15 and the 
ground point Vss. The gate of the MOS FET Q20 is 
commonly connected with the gate of the MOS FET 
Q23, and the common gate connection point is con 
nected with the output terminal 12-2. The gate of the 
MOS FET Q21 and that of the MOS FET Q22 are 
commonly connected with each other, and the common 
gate connection point is connected with the output 
terminal 12-1. The gate of the MOS FET Q11 and that 
of the MOS FET Q16 are supplied with the sense cir 
cuit activation signal SA to control their conductibility. 
The MOS FETs Q17 through Q19 are connected in 

series between the common drain connection point of 
the MOS FETs Q7 and Q9 and that of the MOS FETs 
Q12 and Q14. The gate of each of the MOS FETs Q17 
through Q19 is supplied with the sense circuit initial 
izing signal SI to control their conductibility. The con 
nection point between the MOS FETs Q17 and Q18 is 
connected with the output terminal 12-1, and the con 
nection point between the MOS FETs Q18 and Q19 is 
connected with the output terminal 12-2. 
Note that the channel length and channel width of 

each of the MOS FETs Q7 through Q10, and Q12 
through Q15 are set such that the conductance ratio 
between the MOS FETs Q7 and Q9, the conductance 
ratio between the MOS FETs Q8 and Q10, the conduc 
tance ratio between the MOS FETs Q12 and Q14, and 
the conductance ratio between the MOS FETs Q13 and 
Q15 are equal with one another. 
Now, the operation of the above structured circuit 

will be explained. First of all, the sense circuit activation 
signal SA turns to be in a high level (the power source 
voltage Vcc level), and the sense circuit initializing 
signal SI turns to be in a low level (the ground voltage 
Vss level), so that the sense ampli?ers 14 and 15 are 
activated and the MOS FETs Q7 through Q23 are all 
rendered conductive. As a result, the output terminals 
12-1 and 12-2 are set to have an intermediate voltage 
V1. Afterthat, when the sense ampli?er initializing 
signal SI turns to be in a high level, the MOS FETs Q17 
through Q19 are rendered non-conductive, and the 
current mirror type sense ampli?ers 14 and 15 drive the 
output terminals 12-1 and 12-2 in accordance with the 
input voltage supplied to the complementary type input 
terminals 13-1 and 13-2. As a result, one of the output 
terminals changes to have a lower voltage than the bias 
voltage V1, the equivalent resistance of one of the MOS 
FETs Q20 and Q21 in the bias current control circuit 16 
increases, and the current consumption of the current 
mirror type sense ampli?er 14 decreases. At the same 
time, either the MOS FET Q22 or Q23 will increase in 

- its equivalent resistance when either the MOS FET Q20 
or Q21, whose gate is connected with the gate of the 
MOS FET Q23 or Q22, increases in its equivalent resis 
tance, and the current consumption of the current mir 
ror type sense amplifier 15 will also reduce. 

In this structure, the ?rst and second CMOS current 
mirror type sense ampli?ers 14 and 15 are decreased in 
their bias current by the bias current controlling circuit 
16 when the output of the output terminal 12-1 and that 
of the output terminal 12-2 are determined, so that the 
current consumption can be reduced without decreas 
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ing the driving capability of the output terminals 12-1 
and 12-2. 
FIG. 2 shows a sense circuit in accordance with the 

second embodiment of this invention. In this circuit, the 
MOS FET Q20 in the circuit of FIG. 1 is connected at 
its drain with the drain of the MOS FET Q22. In FIG. 
2, those structural parts that are the same as those of 
FIG. 1 are given the same reference numerals and their 
detailed explanation will be omitted. 
Even in such an altered structure, the operation and 

result obtained are fundamentally the same as those of 
the circuit of FIG. 1, except that the drain voltage of the 
MOS F ET Q20 always has the same value as that of the 
MOS FET Q22. 
FIG. 3 shows a sense circuit in accordance with the 

third embodiment. In this circuit, the common gate 
connection point between the MOS FETs Q21 and Q22 
in FIG. 1 is connected with the output terminal 12-2, 
and the common gate connection point between the 
MOS FETs Q20 and Q23 is connected with the output 
terminal 12-1. In FIG. 3, those structural parts that are 
the same as those shown in FIG. 1 are given the same 
reference numerals and their detailed explanation will 
be omitted. 
Even in such an altered structure, the operation and 

result obtained are fundamentally the same as those of 
the circuit of FIG. 1, except that the MOS FETs Q20 
and Q23 are controlled in their conductibility by the 
output signal of the ?rst current mirror type sense am 
pli?er 14 output from the output terminal 12-1, and that 
the MOS FETs Q21 and Q22 are controlled in their 
conductibility by the output signal of the second current 
mirror type sense ampli?er 15 output from the output 
terminal 12-2. 
FIG. 4 shows a sense circuit in accordance with the 

fourth embodiment of this invention. In this circuit, the 
MOS FET Q20 in the circuit of FIG. 3 is commonly 
connected at its drain with the drain of the MOS FET 
Q22. Even in such a structure, the operation and result 
obtained are fundamentally the same as those of the 
circuit of FIG. 1, FIG. 2, and FIG. 3, except that unlike 
the circuit of FIG. 3 the drain voltage of the MOS FET 
Q20 always has the same value as that of the MOS FET 
Q22. 
FIG. 5 shows a sense circuit in accordance with the 

?fth embodiment of this invention. This circuit is differ 
ent from that of FIG. 1 in that the bias current control 
ling circuit 16 comprises two N-channel type MOS 
FETs Q24 and Q25. The MOS FET Q24 is connected at 
its drain with the common source connection between 
the MOS FETs Q9 and Q10, at its gate with the output 
terminal 12-2, and at its source with the drain of the 
MOS FET Q11. The MOS FET Q25 is connected at its 
drain with the common source connection between the 
MOS FETs Q14 and Q15, at its gate with the output 
terminal 12-1, and at its source with the drain of the 
MOS FET Q16. 
Now, the operation of the sense circuit shown in 

FIG. 5 will be explained. First of all, when the sense 
circuit activation signal SA turns to be in a high level 
and the sense circuit initializing signal SI turns to be in 
a low level, the sense ampli?ers 14 and 15 are activated 
and the MOS FETs Q7 through Q19 and Q24 and Q25 
are all rendered conductive. As a result, the output 
terminals 12-1 and 12-2 are set to have the same interme 
diate voltage V2. Then, the sense ampli?er initializing 
signal SI turns to be in a high level, and the MOS FETs 
Q16 through Q19 are rendered non-conductive. As a 
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6 
result, the sense ampli?ers 14 and 15 drive the output 
terminals 12-1 and 12-2 in accordance with the differen 
tial input signal voltages supplied to the complimentary 
input terminals 13-1 and 13-2. When the signal supplied 
to the input terminal 13-1 has a higher voltage than that 
supplied to the input terminal 13-2, for instance, the 
output terminal 12-] changes to have a voltage higher 
than the bias voltage V2, whereas the output terminal 
12-2 changes to have a voltage lower than the bias 
voltage V2. Therefore, the equivalent resistance of the 
MOS FET Q24 in the bias current controlling circuit 16 
increases to decrease the bias current of the current 
mirror type sense ampli?er 14, and thus the output 
terminal 12-1 is driven to a still higher voltage. In con 
trast, the equivalent resistance of the MOS FET Q25 
decreases to increase the bias current of the current 
mirror type sense ampli?er 15, and thus the output 
terminal 12-2 is driven to a still lower voltage. When the 
voltage of the signal supplied to the input terminal 13-1 
is lower than the voltage of the signal supplied to the 
input terminal 13-2, the output terminal 12-1 changes to 
have a lower voltage than the bias voltage V2, whereas 
the output terminal 12-2 changes to have a higher volt 
age than the bias voltage V2. Therefore, the equivalent 
resistance of the MOS FET Q25, etc., in the bias current 
controlling circuit 16 increases to decrease the bias 
current of the current mirror type sense ampli?er 15, 
and thus the output terminal 12-2 is driven to have a still 
higher voltage. The equivalent resistance of the MOS 
FET Q24 decreases to increase the bias current of the 
current mirror type sense ampli?er l4, and thus the 
output terminal 121 is driven to have a still lower volt 
age. 

In the above structure, the ?rst and second current 
mirror type sense ampli?ers l4 and 15 consume the 
same bias current under the condition that the sense 
circuit is activated and initialized, but, as soon as the 
sense operation is started and the output terminals 12-1 
and 12-2 are driven, one of the sense ampli?ers de 
creases its bias current whereas the other sense ampli?er 
increases its bias current. Therefore, the capability of 
driving the output terminals 12-1 and 12-2 can be in 
creased. Note that the power consumption increases 
very little despite the enhanced drive capability, be 
cause, even though the bias current of one of the sense 
ampli?ers 14 and 15 increases, the bias current of the 
other ampli?er decreases. 
FIG. 6 shows a sense ampli?er in accordance with 

the sixth embodiment of this invention. The MOS FET 
Q7 is connected at its source with the power source 
terminal 11, at its drain and gate with the drain of the 
MOS FET Q9. The MOS FET Q8 is connected at its 
source with the power source terminal 11, at its drain 
with both the drain of the MOS FET Q10 and the out 
put terminal 12-1, and at its gate with the gate of the 
MOS FET Q7. The MOS FET O9 is connected at its 
gate with the input terminal 13-1, and its source with the 
source of the MOS FET Q10. The gate of the MOS 
FET Q10 is connected with the input terminal 13-2. The 
MOS FET Q12 is connected at its source with the 
power source terminal 11, and at its drain and gate with 
the drain of the MOS FET Q14. The MOS FET Q13 is 
connected at its source with the power source terminal 
11, at its drain with both the MOS FET Q15 and the 
output terminal 12-2, and at its gate with the gate of the 
MOS FET Q12. The MOS FET Q14 is connected at its 
gate with input terminal 13-2, and its source with the 
source of each of the MOS FETs Q9, Q10, and Q15. 
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The gate of the MOS FET Q15 is connected with the 
input terminal 13-1. The drain of the N-channel type 
MOS FET Q26 and that of the N-channel type MOS 
PET Q27 are respectively connected with the common 
source connection point of the MOS FETs Q9 and Q10, 
and the common source connection point of the MOS 
FETs Q14 and Q15. The gate of the MOS FET Q26 is 
connected with the output terminal 12-1, and the gate of 
the MOS FET Q27 is connected with the output termi 
nal 12-2. The source of the MOS FET Q26 is commonly 
connected with that of the MOS FET Q27. The N 
channel type MOS FET Q28 which is controlled in its 
conductibility by the sense circuit activation signal SA 
is connected between the common source connection 
point of the MOS FETs Q26 and Q27 and the ground 
point Vss. The P-channel type MOS FETs Q29 and 
Q30, which are controlled in their conductibility by the 
sense circuit activation signal SA, are respectively con 
nected between the output terminal 12-1 and the power 
source terminal 11, and between the output terminal 
12-2 and the power source terminal 11. 
Note that the channel length and the channel width 

of each of the MOS FETs Q7 through Q10, and Q12 
through Q15 are set, such that the conductance ratio 
between the MOS FETs Q7 and Q9, the conductance 
ratio between the MOS FETs Q8 and Q10, the conduc 
tance ratio between the MOS FETs Q12 and Q14, and 
the conductance ratio between the MOS FETs Q13 and 
Q15 are equal with one another. 

In such a structure, the output terminals 12-1 and 12-2 
are precharged by the MOS FETs Q29 and Q30 to be in 
a high level (Vcc level) before the sense circuit is acti 
vated, or the sense ampli?er activation signal SA is in a 
low level. Therefore, when the sense ampli?er activa 
tion signal SA turns to be in a high level and the sense 
operation is started, the voltage having the Vcc level is 
applied to the gate of each of the MOS FETs Q26 and 
Q27 so that conductive resistance is low, which means 
that the driving force of the sense circuit is strong. 
Then, one of the output terminals 12-1 and 12-2 de 
creases in voltage in response to the differential input 
signals supplied to the input terminals 13-1 and 13-2, and 
the output is determined. At this moment, the conduc 
tance of the MOS FET Q26 or Q27 whose gate is con 
nected with the output terminal 12-1 or 12-2 of the low 
level side decreases, the power consumption will be 
decreased. 
Note that each of the above embodiments uses two 

current mirror type sense ampli?ers to form a sense 
circuit, but the sense circuit may be formed by using 
only a single current mirror type sense ampli?er as 
shown in FIG. 7. This circuit can be considered to be 
one half of the circuit shown in FIG. 6. The MOS FET 
Q7 is connected at its source with the power source 
terminal 11, and its drain and gate with the drain of the 
MOS FET Q9. The MOS FET Q8 is connected at its 
source with the power source terminal 11, at its drain 
with both the drain of the MOS FET Q8 and the power 
source terminal 11, and at its gate with the gate of the 
MOS FET Q7. The MOS FET Q9 is connected at its 
gate with the input terminal 13-1, and its source with the 
source of the MOS FET Q10. The gate of the MOS 
FET Q10 is connected with the input terminal 13-1. The 
MOS FETs Q26 and Q28 are connected in series be 
tween the common source connection of the MOS 
FETs Q9 and Q10 and the grounding point Vss. The 
gate of the MOS FET Q26 is connected with the output 
terminal 12, and the gate of the MOS FET Q28 is sup 
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8 
plied with the sense circuit activation signal SA. The 
MOS FET Q29 which is controlled in conductibility by 
the sense circuit activation signal SA is connected be 
tween the output terminal 12 and the power source 
terminal 11. 
The operation of the sense circuit shown in FIG. 7 is 

the same as that of one of the current mirror type sense 
ampli?ers in the sense circuit shown in FIG. 6. The 
output terminal 12 is precharged to be in a high level 
(V cc level) before the sense circuit is activated or the 
sense ampli?er activation signal SA is in a low level. 
When the sense ampli?er activation signal SA turns to 
be in a high level to start the sense operation, the volt 
age having the Vcc level is applied to the gate of the 
MOS FET Q26 and the conductive resistance is low, so 
that the driving force of the sense circuit is strong. 
Then, the voltage of the output terminal 12 is main 
tained at a high level or is decreased to a low level in 
response to the differential input signal. When the volt 
age of the output terminal 12 turns to be in the low 
level, the conductance of the MOS FET Q26 decreases, 
so that the power consumption can be reduced. 

In this sense circuit, the power consumption can be 
greatly reduced when the output from the output termi 
nal 12 is in a low level, but the power consumption 
cannot be reduced much when the output from the 
output terminal is in a high level. However, the high 
level output and the low level output are alternately 
provided during the sense operation, so that, when a 
whole series of the circuit operation is taken into con 
sideration, it may safely be said that the power con 
sumption is reduced in spite of a high driving capability. 
FIG. 10 illustrates another embodiment of the present 
invention. A source of MOS transistor Q7 is connected 
to Vcc power source 11. A drain of MOS transistor Q7 
is connected to a gate thereof. A source of MOS transis 
tor Q8 is connected to Vcc power source 11 and a gate 
thereof is connected to the gate of MOS transistor Q7. 
A drain of MOS transistor Q9 is connected to the gate 
of transistor Q7 and a gate thereof is connected to input 
terminal 13-1. A drain of transistor Q10 is contented to 
the drain of transistor Q8 and a gate thereof is con 
nected to input terminal 13-2. A source of transistor Q9 
is connected to a source of transistor Q10. An output 
terminal 12 is coupled to a connection point between 
the drain of MOS transistor Q8 and the drain of MOS 
transistor Q10. A drain of MOS transistor Q26 is cou 
pled to a connection point between the sources of tran 
sistors Q9 and Q10 and a gate thereof is connected to 
output terminal 12. A drain of transistor Q28 is con 
nected to a source of transistor Q26 and a gate thereof 
receives a sense ampli?er enable signal. A source of 
transistor Q28 is connected to Vss terminal. FIGS. 11 
and FIG. 12 are a circuit diagram showing still another 
embodiments of the sense amplifying circuit of the pres 
ent invention. 

In FIG. 11, the FET Q29 is inserted between the 
drain of Q9 and that of Q10 of the embodiment shown 
in the circuit diagram of FIG. 10. The FET Q29 re 
ceives at its gate sense ampli?er activation signal SA 
and is controlled in its operation. When the sense ampli 
?er activation signal SA is in a low level and the sense 
amplifying operation is not performed, the channel of 
the FET Q29 is rendered conductive and a short circuit 
is produced between the source of Q9 and that of Q10, 
so that the output voltage 12 is reset. When the sense 
ampli?er activation signal SA is in a high level, the 
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sense ampli?er is in the operating state, so that the out 
put voltage 12 is never reset needlessly. 
Due to the reset function, the presence of an unneces 

sary voltage will be prevented at the initializing state of 
the sense ampli?er, so that a accurate and stable opera 
tion will be obtained. 
FIG. 12 is a circuit diagram showing an embodiment 

having the same circuit structure as that shown in FIG. 
11, in which the signal supplied to Q29 is not the sense 
ampli?er activation signal SA but the sense ampli?er 
initializing signal SI. In this embodiment, a most suitable 
timing for initialization can be set, because Q29 is driven 
by the sense ampli?er initializing signal SI. Therefore, 
the operational margin for timing can be made large, the 
occurrence of erroneous operation of the sense ampli 
?er can be suppressed, and the operational stability can 
be greatly improved. 

In the ?rst through fourth embodiments, a certain 
amount of bias current is consumed when the sense 
circuit is activated and initialized, but the bias current 
will decrease as soon as the sense operation is started 
and the output terminals are driven, so that the low 
power consumption will be promoted. Note that the 
driving capability will never be degraded, since it re 
mains the same as that of the conventional circuit until 
the output is determined. 

In the ?fth embodiment, the ?rst and second current 
mirror type sense ampli?ers consume the same bias 
current when the sense ampli?ers are activated and 
initialized, but the capability to drive the output termi 
nals will further increase as soon as the sense operation 
is started and the output terminals are driven. At this 
moment one of the sense ampli?ers increases in its bias 
current but the other sense ampli?er decreases in its bias 
current, so that the power consumption increases very 
little despite the enhanced drive capability. 

In the sixth and seventh embodiment, the output 
terminals are previously charged while the sense circuit 
is non-energized. After the sense operation is started, 
the precharged voltage is discharged in response to the 
differential input signal and the bias current is reduced 
by the voltage decrease in the output terminals. There 
fore, the power consumption can be reduced. 
As explained above, the present invention makes it 

possible to provide a sense circuit which reduces the 
power consumption without decreasing driving capa 
bility. 

Additional advantages and modi?cations will readily 
occur to those skilled in the art. Therefore, the inven 
tion in its broader aspects is not limited to the speci?c 
details, and representative devices, shown and de~ 
scribed herein. Accordingly, various modi?cations may 
be made without departing from the spirit or scope of 
the general inventive concept as de?ned by the ap 
pended claims and their equivalents. 
What is claimed is: 
1. A sense ampli?er circuit comprising: 
a power source voltage terminal; 
a reference voltage terminal; 
?rst and second input terminals; 
an output terminal; 
a ?rst MOS transistor having a source connected to 

said power source voltage terminal, a gate, and a 
drain connected to said gate; 

a second MOS transistor having a source connected 
to said power source voltage terminal, a gate con 
nected to said gate of said ?rst MOS transistor, and 
a drain; 
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10 
a third MOS transistor having a drain connected to 

said gate of said ?rst MOS transistor, a gate con 
nected to said ?rst input terminal and a source; 

a fourth MOS transistor having a drain connected to 
said drain of said second MOS transistor and to said 
output terminal, a gate connected to said second 
input terminal and a source contended to said 
source of said third MOS transistor; 

a ?fth MOS transistor having a drain connected to 
said source of said third MOS transistor, a gate 
connected to said output terminal and a source; and 

a sixth MOS transistor having a drain connected to 
said source of said ?fth MOS transistor, a gate 
supplied with a sense ampli?er enable signal, and a 
source connected to said reference voltage termi 
nal. 

2. A sense ampli?er circuit according to claim 1, 
further comprising: 

a seventh MOS transistor having a conductive path 
coupled between said drain of said ?rst MOS tran 
sistor and said drain of said second MOS transistor, 
and a gate supplied with the sense ampli?er enable 
signal, for initializing an output of said sense ampli 
?er. 

3. A sense ampli?er circuit according to claim 1, 
further comprising: - 

a seventh MOS transistor having a conductive path 
coupled between said drain of said ?rst MOS tran 
sistor and said drain of said second MOS transistor, 
for receiving a sense ampli?er signal for initializing 
an output of said sense ampli?er. 

4. A sense ampli?er circuit enabled in response to a 
sense ampli?er enable signal, comprising: 

?rst and second power source terminals; 
differential amplifying means, having ?rst and second 

input terminals and an output terminal, for amplify 
ing and outputting at said output terminal a voltage 
difference between ?rst and second differential 
input signals respectively applied to said ?rst and 
second input terminals, wherein a bias current for 
biasing said differential amplifying means flows 
between said ?rst and second power source termi 
nals through said differential amplifying means; 

bias current controlling means, coupled between said 
differential amplifying means and one of said 
power source terminals, for controlling the flow of 
the bias current between said ?rst and second 
power source terminals through said differential 
amplifying means, when said sense ampli?er circuit 
is enabled, in accordance with the output at said 
output terminal of said differential amplifying 
means; and 

precharging means for precharging said output termi 
nal of said differential amplifying means to a prede 
termined potential. 

5. The sense ampli?er circuit according to claim 4, 
wherein said precharging means comprises a ?eld effect 
transistor transistor having a current path connected at 
one end to said output terminal and at a second end to 
one of said power source terminals and a gate coupled 
to receive the sense ampli?er enable signal. 

6. The sense ampli?er circuit according to claim 5, 
wherein the bias current flows in response to a ?rst level 
of the sense ampli?er enable signal sand said precharg 
ing means precharges said output terminal to a predeter 
mined potential in response to a second level of the 
sense ampli?er enable signal. 
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7. A sense ampli?er circuit enabled in response to a 
sense ampli?er enable signal, comprising: 

?rst and second power source terminals; 
differential amplifying means, having ?rst and second 

input terminals and an output terminal, for amplify 
ing and outputting at said output terminal a voltage 
difference between ?rst and second differential 
input signals respectively applied to said ?rst and 
second input terminals, wherein a bias current for 
biasing said differential amplifying means ?ows 
between said ?rst and second power source termi 
nals through said differential amplifying means; 

bias current controlling means, coupled between said 
differential amplifying means and one of said 
power source terminals, for controlling the ?ow of 
the bias current between said ?rst and second 
power source terminals through said differential 
amplifying means, when said sense ampli?er circuit 
is enabled, in accordance with the output at said 
output terminal of said differential amplifying 
means; and 

initializing means for initializing a potential at said 
output terminal of said differential amplifying 
means. 

8. The sense ampli?er circuit according to claim 7, 
wherein said initializing means is responsive to a sense 
ampli?er initializing signal. 

9. A sense ampli?er circuit enabled in response to a 
sense ampli?er enable signal, comprising: 

?rst and second power source terminals; 
differential amplifying means, having ?rst and second 

input terminals and an output terminal, for amplify 
ing and outputting at said output terminal a voltage 
difference between ?rst and second differential 
input signals respectively applied to said ?rst and 
second input terminals, wherein a bias current for 
biasing said differential amplifying means flows 
between said ?rst and second power source termi 
nals through said differential amplifying means; 

bias current controlling means, coupled between said 
differential amplifying means and one of said 
power source terminals, for controlling the ?ow of 
the bias current between said ?rst and second 
power source terminals through said differential 
amplifying means, when said sense ampli?er circuit 
is enabled, in accordance with the output at said 
output terminal of said differential amplifying 
means, wherein said differential amplifying means 
comprise ?rst and second differential ampli?ers. 

10. A sense ampli?er circuit enabled in response to a 
sense ampli?er enable signal, comprising: 

?rst and second power source terminals; 
?rst and second differential ampli?ers generating 

outputs at respective output terminals thereof in 
accordance with ?rst and second differential input 
signals applied thereto, wherein a ?rst bias current 
for biasing said ?rst differential ampli?er ?ows 
between said ?rst and second power source termi 
nals through said ?rst differential ampli?er and a 
second bias current for biasing said second differ 
ential ampli?er flows between said ?rst and second 
power source terminals through said second differ 
ential ampli?er; 

a ?rst bias current control circuit, coupled between 
said ?rst differential ampli?er and one of said 
power source terminals, for controlling the flow of 
the ?rst bias current between said ?rst and second 
power terminals through said ?rst differential am 
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12 
pli?er, when said sense ampli?er is enabled, in 
accordance with the output at said output terminal 
of said second differential ampli?er; and 

a second bias current control circuit, coupled be 
tween said second differential ampli?er and one of 
said power source terminals, for controlling the 
flow of the second bias current between said ?rst 
and second power terminals through said second 
differential ampli?er, when said sense ampli?er is 
enabled, in accordance with the output at said out 
put terminal of said ?rst differential ampli?er. 

11. The sense ampli?er circuit according to claim 10, 
wherein said ?rst and second differential ampli?ers 
each comprises: 

a current mirror including ?rst and second ?eld effect 
transistors, a ?rst end of a current path of said ?rst 
and second ?eld effect transistors coupled to one of 
said power supply terminals, a gate of said ?rst 
?eld effect transistor coupled to a gate of said sec 
ond ?eld effect transistor and to a second end of the 
current path of said ?rst ?eld effect transistor; 

a third ?eld effect transistor having a current path 
connected at a first end to a second end of the 
current path of said ?rst ?eld effect transistor and a 
gate coupled to receive one of said ?rst and second 
differential input signal; and 

a fourth ?eld effect transistor having a current path 
connected at a ?rst end to a second end of the 
current path of said second ?eld effect transistor 
and at a second end to a second end of the current 
path of said third ?eld effect transistor and a gate 
coupled to receive the other of said ?rst and second 
differential input signals, 

wherein an output of said differential ampli?er com 
prises a connection node between said second and 
fourth ?eld effect transistors. 

12. The sense ampli?er according to claim 10 further 
comprising: 
means for precharging said output nodes of said ?rst 
and second differential ampli?ers to a predeter 
mined potential. 

13. The sense ampli?er according to claim 12 wherein 
said ?rst and second bias current control circuits in 
clude means for reducing the bias current to one of said 
differentialampli?ers and means for increasing the bias 
current to the other of said differential ampli?ers when 
outputs at said output terminals are determined in ac 
cordance with the ?rst and second differential input 
signals. 

14. The sense ampli?er according to claim 10 further 
comprising: 

initializing means for initializing a potential at said 
output terminals of said ?rst and second differential 
ampli?ers. 

15. The sense ampli?er according to claim 10 wherein 
said ?rst and second bias current control circuits in 
clude means for reducing the bias currents in said ?rst 
and second differential ampli?ers when outputs at said 
output terminals are determined in accordance with the 
?rst and second differential input signals. 

16. A sense ampli?er circuit, comprising: 
?rst and second power source terminals; 
a ?rst and second differential ampli?er having ?rst 

and second input terminals and an output terminal, 
for amplifying and outputting at said output termi 
nal a voltage difference between ?rst and second 
differential inputs respectively applied to said ?rst 
and second input terminals thereof, a ?rst bias cur 
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rent for biasing said ?rst differential ampli?er ?ow 
ing between said ?rst and second power source 
terminals through said ?rst differential ampli?er; 

a second differential ampli?er, having ?rst and sec 

14 
ing said ?rst differential ?owing between said ?rst 
and second power source terminals through said 
?rst differential ampli?er; 

a second differential ampli?er having ?rst and second 
ond input terminals and an output terminal, for 5 input terminals and an output terminal for amplify 
amplifying and outputting at said output terminal a ing and outputting at said output terminal a voltage 
voltage difference between ?rst and second differ- difference between ?rst and second differential 
ential inputs respectively applied to said ?rst and inputs respectively applied to said ?rst and second 
second input terminals thereof, a second bias cur- input terminals thereof, a second bias current for 
rent for biasing said second differential ampli?er 10 biasing said second differential ampli?er ?owing 
?owing between said ?rst and second power between said ?rst and second power source termi 
source terminals through said second differential nals through said second differential ampli?er; 
ampli?er; a ?rst bias current control circuit, coupled between 

a ?rst ?eld effect transistor, coupled between said said ?rst differential ampli?er and one of said 
?rst differential ampli?er and one of said power 15 power source terminals, for controlling the ?ow of 
source terminals and having a gate directly con- the ?rst bias current between said ?rst and second 
nected to said output terminal of said second differ~ power terminals through said ?rst differential am 
ential ampli?er, for controlling the ?ow of the ?rst pli?er in accordance with the output at said output 
bias current in accordance with the output at said terminals of said ?rst and second differential ampli 
output terminal of said second differential ampli- 20 ?ers, said ?rst bias current control circuit compris 
?er; and ing ?rst and second ?eld effect transistors con 

a second ?eld effect transistor, coupled between said nected in series between said ?rst differential am 
second differential ampli?er and one of said power pli?er and said one power source terminal, a gate 
source terminals and having a gate to directly con- of said ?rst ?eld effect transistor directly con 
nected to said output terminal of said ?rst differen- 25 nected to said output terminal of said ?rst differen 
tial ampli?er, for controlling the ?ow of the second tial ampli?er and a gate of said second ?eld effect 
bias current in accordance with the output at said transistor directly connected to said output termi 
output terminal of said ?rst differential ampli?er. nal of said second differential ampli?er; and 

17. The sense ampli?er circuit according to claim 16, second bias current control circuit, coupled be 
further comprising: 30 tween said second differential ampli?er and one of 

a ?rst switch, connected between said ?rst ?eld effect said power source terminals, for controlling the 
transistor and the power source terminal to which ?ow of the second bias current between said ?rst 
said ?rst ?eld effect transistor is coupled, receiving and second power terminals through said second 
a sense ampli?er enable signal for controlling the differential ampli?er in accordance with the out 
ON/OFF switching of said first differential ampli- 35 puts at said output terminals of said ?rst and second 
?er; and differential ampli?ers, said second bias control 

a second switch, connected between said second ?eld circuit comprising third and fourth ?eld effect 
effect transistor and the power source terminal to transistors connected in series between said second 
which said second ?eld effect transistor is coupled, differential ampli?ers and said one power source 
receiving an enabled signal for controlling the 40 terminal, a gate of said third ?eld effect transistor 
ON/OFF switching of said second differential directly connected to said output terminal of said 
ampli?er. ?rst differential ampli?ers and a gate of said fourth 

18. A sense ampli?er circuit, comprising: ?eld effect transistor directly connected to said 
?rst and second power source terminals; output terminal of said second differential ampli 
a ?rst differential ampli?er having ?rst and second 45 ?er. 

input terminals and an output terminal for amplify- 19. The sense ampli?er according to claim 18, 
ing and outputting at said output terminal a voltage wherein one end of a current path of said second ?eld 
difference between ?rst and second differential effect transistor is connected to one end of a current 
inputs respectively applied to said ?rst and second path of said third ?eld effect transistor. 
input terminals thereof, a ?rst bias current for bias- 5O ‘ * ‘ * t 
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